Information on dietary composition is vitally important for elite athletes to optimise their performance and recovery, which requires valid tools. The aim of the present study was to investigate the validity of assessing protein intake using three web-based 24-h recalls and questionnaires, by comparing these with three urinary N excretions on the same day. A total of forty-seven Dutch elite top athletes, both disabled and non-disabled, aged between 18 and 35 years, with a BMI of 17·5-31 kg/m 2 , exercising >12 h/week were recruited. Estimated mean dietary protein intake was 109·6 (SD 33·0) g/d by recalls and questionnaires v. 141·3 (SD 38·2) g/d based on N excretions in urine; the difference was 25·5 (SD 21·3) % between the methods (P < 0·05). We found a reasonably good association between methods for protein intake of 0·65 (95 % CI 0·45, 0·79). On an individual level, under-reporting was larger with higher protein intakes than with lower intakes. No significant differences were found in reporting absolute differences between subcategories (sex, under-reporting, BMI, collection of recalls within a certain amount of time and using protein supplements or not). In conclusion, combined, multiple, 24-h recalls and questionnaires underestimated protein intake in these young elite athletes more than that reported for non-athlete populations. The method proved to be suitable for ranking athletes according to their protein intake as needed in epidemiological studies. On an individual level, the magnitude of underestimation was about equal for all athletes except for those with very high protein intakes.
. Protein requirements, in particular, differ between elite athletes and physically less active people. Recommendations for protein intake are between 1·2 and 2·0 g/kg per d and are frequently tailored to individual needs (4, 5) . This demands for adequate tools to advise and monitor the intake of athletes.
Food records and 24-h recalls are commonly used to assess current intake or intake of the recent past. To assess dietary intake by athletes at a group level, both 3-4-d or 7-d food records and multiple 24-h recalls have been used (6, 7) . These methods, however, show large differences in validity between different populations (8) . The twenty-first century athlete, often combining intensive training and competition programmes with college education, demands practical dietary assessment methods such as web-based 24-h recalls. The advantage of the 24-h recall is that the outcome is not affected by awareness and consequently an altered -desirable -intake as seen with the use of a food record (8) . Moreover, in using web-based recalls, athletes can report their intake, within certain limits, at their own convenience. The preferred five-step, multiple-pass, 24 -h recall is highly standardised and is considered to provide a reliable estimation of dietary intake (9) .
At the same time, all dietary assessment methods based on self-reporting are prone to different types of errors (10) .
In addition to this, specific sports-related factors such as season, day of the week and training load contribute to daily variation in intake, which may contribute to errors if not taken into account properly. Total intake of energy and macronutrients, such as protein, normally display less random or day-to-day variation than other nutrients such as retinol or marine fatty acids (11) . Systematic errors -that is, over-reporting or under-reporting of intake -are often due to socially desirable reporting, omitting foods and underestimating of portion sizes (12) .
Validation studies are important for identifying the magnitude and type of measurement error of a specific method. For validation purposes, 24-h urinary N is considered the best available biomarker to estimate dietary protein intake (13) (14) (15) (16) (17) (18) . The method was first proposed by Isaksson (19) and further developed by Bingham & Cummings (15) . When corrected for faecal and skin losses of N, the method correlated well (r 0·99) with protein intake estimated by 28 d of duplicate portions (15, 19) .
Information about the validity of self-reported dietary intake in elite athletes is scarce (20, 21) . Their active lifestyle with intensive training programmes generates methodological problems. For example, dietary registration of multiple days is required to capture the large variety in dietary intake caused by differences in the intensity of activities between training days and days of rest and recovery. To our knowledge, no validation studies have been undertaken thus far to estimate the accuracy of multiple 24-h recalls to assess protein intake in athletes. Therefore, the aim of the present study was to investigate the validity of assessing protein intake by three 24-h recalls plus day questionnaires on dietary supplement intake compared with analysis of urinary N excretion using three different 24-h samples in elite athletes.
Methods

Study population
A total of forty-eight subjects, both disabled and non-disabled Dutch elite athletes, aged between 18 and 35 years, with a BMI of 17·5-31 kg/m 2 and a minimum exercise duration >12 h/week were recruited. They had an elite top athlete status of the Dutch Olympic Committee (NOC*NSF) and/or had participated in a European or World Championship or had proven to be part of the national top level in their discipline or age group. Subjects were recruited from different national elite teams for athletics (middle distance and sprint), cycling (track sprint, BMX cyclists and Paralympics), archery, speed skating and short-track skating. Before the start of the study, all coaches confirmed that the training programme during the period of the study (3-5 weeks) was part of a stable-condition training phase. The majority of subjects did not focus specifically on building muscle mass or breaking down body fat as it could be a possible interfering factor when assessing N balance. Only four athletes intended to lose weight during this period. None of the subjects was diagnosed with a disease or used medication. Written informed consent to participate was provided by all the subjects after attending a presentation meeting about the study. Subjects received a financial incentive if they delivered at least two complete data sets out of three, consisting of a 24-h urine collection, a 24-h recall plus a questionnaire on dietary supplement and sport nutrition product intake and exercise. The survey was conducted according to the Declaration of Helsinki and was approved by the Medical Ethics Committee of Wageningen University.
Study design
The study was performed between March and July 2013. In the general information letter for candidate subjects, it was explained that the collection of 24-h urine samples served to determine the N content of the consumed diet. After including subjects, no additional information was given about the intended use of the 24-h urine collections or the timing of the 24-h urine collection in relation to the 24-h recalls.
After inclusion, subjects were asked to complete three unannounced web-based non-consecutive, 24-h dietary recalls and questionnaires about dietary supplements and sport nutrition products, in combination with a 24-h urine collection covering the same day. The measurements were scheduled during a 2-4-week period on three separate days, selected by the researchers, and collection days were at least 4 d apart. If the collection (24-h recall plus daily questionnaire and/or 24-h urine collection) was not complete, additional days were scheduled at the end of the 2-4-week period. This gave athletes four opportunities to deliver at least two 24-h recalls, questionnaires and 24-h urine samples.
24-h recalls
The 24-h recalls were collected using 'Compl-eat™', a program built by Wageningen University that guides participants to accurately report all foods and drinks consumed the previous day, and were to be reported within 36 h. It is designed based on the multiple-pass approach (9, 22) . Using Compl-eat™, the participant first filled out the quick list indicating which food groups were consumed at what occasion and time of the day without giving details. The next step was to specify all food groups of the quick list meal by meal in chronological order during the day. The participant was allowed to continue with the next meal if all food groups of a meal had been specified and the amounts had been added. The participant was offered the possibility to split up food groups into subgroups by a search tool and scroll-down menus. In this way, the tool enables to select single foods and standard recipes commonly used by Dutch population. The programme also contains a recipe module in which the participants could adapt standard recipes or fill out all ingredients of their own recipe and the part of the recipe they consumed. Yield and retention factors were automatically taken into account when appropriate. Participants could include notes for clarifications when needed. Compl-eat™ reminded the participants to fill out often forgotten foods such as sugar in coffee, snacks, fruit and cooking fat.
Trained dietitians checked all the web-based 24-h recalls for their completeness and unusual portion sizes and processed all the notes made by the participants. Adjustments of errors and notes were made in a standardised manner using standard portion sizes and recipes according to a protocol (23) . The programme included a wide selection of foods commonly used in a Dutch food pattern (Stichting NEVO, 2010) but no dietary supplements or sport nutrition products, which were questioned separately.
Nutritional supplement intake questionnaires
The web-based questionnaires regarding training load (total minutes of exercise per d) and dietary supplement and sports nutrition product use as part of each separate 24-h recall were collected with the 'vitality portal' built by the HAN University of Applied Sciences. Subjects were asked whether they had used any dietary supplements and/or sports nutrition products. If so, they were asked to select the specific brand, type and name of the supplement from a pre-specified list with more than 3400 products. Product information was largely based on the Dutch Database for Dietary Supplements (RIVM, 2015). Next, subjects were asked to specify the total dose of the product used on that day based on unit dose and type of formulation (capsule, tablet, drops, etc.) in case of dietary supplements or grams and/or millilitres in case of sport nutrition products. If a product was missing in the list, subjects were able to fill out all specifications as described earlier. We were able to retrieve the protein composition of all dietary supplements and sport nutrition products used based on label information given by the manufacturers. Data were checked for unusual values, unspecified dietary supplements and sports nutrition products. If necessary, participants were contacted and asked for additional information. If information was missing, the composition of dietary supplements and sports nutrition products was retrieved from the internet or through local shops.
Combining 24-h recalls and questionnaires
To calculate the mean total energy and protein intakes, results of all 24-h recalls with the questionnaire of the same day were summed and divided by the total number of days collected per person. For conversion of products into energy and nutrients, the Dutch Food Composition Database of 2010 was used (Stichting NEVO, 2010) in combination with the Dutch Database for Dietary Supplements (NES) (24, 25) .
Total reported dietary intake per person was converted into total protein (g and g/kg) and total energy (MJ). Food intake level (FIL) was calculated by dividing estimated energy intake (EI) through BMR based on the formula of Schofield (26) . The FIL was used as an indication of the quality of reporting in comparison with expected physical activity level (PAL) values for athletes. Based on studies using doubly labelled water, PAL values are expected to be between 1·75 and 2·0 for these young adult athletes (27) . We compared the protein intake of the group above and below the median value for FIL to evaluate the influence of reporting quality.
Urine collection
Each subject received labelled containers (at least two), one funnel to help the collection, one safety pin to be fixed in the underwear as a reminder for collection and a diary scheme booklet to register the timing, observations (e.g. use of medication and supplements) and possible deviations (e.g. missing urine) of the urine collection protocol. Subjects were instructed to keep the urine samples at approximately 4°C at all times. Boric acid (3 g/2 litre bottle) was used as preservative.
The evening before the collection, subjects received a short text message between 22.00 and 23.00 hours as a reminder. The collection of the 24-h urine started with sampling and discarding the first urine in the morning after waking up. Subsequently, the urine produced during the next 24 h, up to and including the first sampling of the following day, was collected. The subjects handed in their urine samples at their training facilities, at maximum 5 h after the end of the collection.
To check for completeness of urinary collections, subjects took three tablets of 80 mg para-aminobenzoic acid (PABA) (PABAcheck; Laboratories for Applied Biology) on the day of urine collection, one during each of their main meals. The total amount of 240 mg of PABA was expected to be almost completely excreted in 24 h (28, 29) .
Analysis of urine samples
In our laboratory, urine fractions of the same person and of the 24-h period were mixed, weighed and aliquoted. Each sample of 24-h urine was measured to the nearest 1·0 g on a digital scale. The urine was homogenised and two samples of 4·5 ml were taken. Samples were stored at −20°C until further analysis. Total N was analysed using the automated Kjeldahl method (30) . Total urinary N was calculated by relating N levels to the volume of the 24-h collections. The assumption was made that excreted N accounts for 81 % of ingested protein due to extra-renal N losses (15, 31) . Daily dietary protein was calculated based on the assumption that all proteins on average contain 16 % N (14, 32) . Thus, excreted N (mg/d) was converted to g protein/d (protein g/d = (N (mg/d) × 6·25)/1000) and then divided by 0·81 (33) . HPLC was used for the determination of PABA. This method includes alkaline hydrolysis for conversion of PABA metabolites in the urine samples to PABA, followed by separation on a reverse-phase column, detection at 290 nm and quantification using an internal standard. Total urinary PABA was calculated by relating the PABA concentration of the samples to the volume of the 24-h collections.
Using a minimum PABA recovery of 78 % proposed in the literature as the cut-off point for complete urine collection (34) , 13 % of the urine samples were considered incomplete. A sensitivity analysis was performed comparing the results from the complete urine data set with the results after exclusion of urine samples with <78 % of PABA recovery.
The mean protein intake based on recalls and questionnaires was 10 g lower if subjects with PABA recovery <78 % were excluded as compared with the total data set. However, excluding subjects based on PABA recovery did not affect estimates for protein intake based on 24-h urine excretions or the association between protein intake derived from recalls and urine samples. Therefore, we decided to report the results on the complete data set.
Other measurements
To check whether the assumption of N balance was justified, selfreported body weight for each day was recorded as an indicator for stable body weight over the total period. In addition, creatinine levels were analysed in a small subgroup (n 19 with two to three samples within each person) to estimate protein muscle balance as an indicator for N balance. Urinary creatinine was analysed by SHO) using a spectrometric chemical analyser (Modular P800; Roche). All the samples were measured in duplicate and each run contained two control samples. The analyses were considered valid if duplicates differed by <5 % and control samples were within the expected range. Total daily urinary creatinine content was calculated for the total urine collected over 24 h.
Statistical analyses
Statistical analysis was carried out on the data of all subjects delivering two to three complete data sets using the statistical 24-h recall validation in athletessoftware program SPSS (version 19). Values for protein and energy are presented as continuous variables, expressed as means and standard deviations or 95 % CI. Log transformations were used, if necessary, to obtain a normal distribution for additional statistical analysis. Protein ratio was calculated by dividing the estimated mean protein intake based on 24-h recalls by protein based on 24-h N excretions.
To assess whether athletes were in N balance, a repeatedmeasures ANOVA (using mixed models with Bonferroni's correction) was performed using values of creatinine and body weight.
Paired t test was performed to determine the difference between total mean protein intake by 24-h recall and 24-h urine analysis with statistical significance levels set at P ≤ 0·05. Furthermore, differences for protein intake were examined within several subgroups -sex, reporting, BMI category and recalls -by univariate analysis.
To investigate ranking of individuals according to their intake, Pearson's correlation coefficient was calculated between N estimated by the 24-h recall method and the 24-h urine sample analysis. A partial Pearson's correlation coefficient (r) was calculated for estimated crude and energy-corrected protein intakes, and the coefficients were computed using regression calibration-adjusted correlation. For all correlations, 95 % CI were calculated using Fisher's Z transformation.
For total protein intake (g/d and g/kg per d), attenuation factors and 95 % CI were calculated. These factors were estimated as the slope in the linear regression of the log-transformed biomarker values plotted against the log-transformed reported intakes. Although no formal cut-off values exist, values <0·4 were considered of no use.
A Bland-Altman plot was made to evaluate the agreement of the assessment of protein intake between recalls and urinary excretions in individuals. For this plot, the mean intake of protein estimated by the methods was plotted against the difference in protein between the methods. We added 95 % limits of agreement (mean (SD 2)) to the plot.
Results
The vast majority of the forty-seven athletes delivered three 24-h recalls, three questionnaires and three urine samples, except for two subjects who delivered only two complete data sets. This final study population consisted of both male (66 %) and female (34 %) athletes; participants were young adult elite athletes, with a BMI between 20 and 31 kg/m 2 ( Table 1 ).
Subjects practised a large variety of sports: five middle-distance runners, eight track cyclists, six BMX cyclists, eight Paralympic cyclists (of which three were physically disabled, one having Möbius syndrome, one visually disabled and three non-disabled tandem pilots), three athletic sprinters, seven archers, seven long-distance ice-skaters and three short-track skaters. Most recalls (74·5 %) were collected within 36 h, and all recalls were collected within 72 h. A proportion of 78·7 % of the subjects reported an FIL <1·75, indicating possible under-reporting of EI. Mean protein intake assessed by the 24-h recalls combined with the nutritional supplement intake questionnaires was underestimated in comparison with protein estimated by the 24- We found a rather high correlation of 0·65 (95 % CI 0·45, 0·79) for crude protein intake in g/d between the multiple 24-h recall method and the 24-h N excretion analysis (Table 2 ). If protein intake was expressed as protein per kg body weight, the correlation was slightly lower, but still reasonably good (Table 2 ). Attenuation factors were high for total protein intake and good-toacceptable for protein intake in g/kg per d. To predict true protein intake, as a gold standard is not available in daily practice, a calibrated regression function formula was calculated for both crude protein and energy-adjusted protein as shown in Table 2 . Fig. 1 depicts the agreements for difference of protein intake based on 24-h recalls and 24-h urine excretion analysis against the mean of both methods, in a so-called Bland-Altman plot. The 95 % limits of agreement were between −90·4 and +27·1 g. In addition, the Bland-Altman plot shows that results were very similar for both men and women. Underestimation of protein intake was related to the amount of protein intake (r −0·20; 95 % CI −0·46, 0·09), indicating that higher protein intakes are possibly prone to higher under-reporting than lower intakes.
For all the categories shown in Table 3 , no significant differences were found between protein intakes estimated by both methods between subcategories. The P values were 0·51 for sex, 0·58 for under-reporting according to a cut-off value of 1·75, 0·29 for BMI category, 0·08 for reporting within 36 h or more and 0·63 for protein supplement use or no use. When we split the population into two groups of low reporters and high reporters (below and above the median FIL of 1·52), the mean FIL was, respectively, 1·26 (SD 0·17) for the group below the median and 1·76 (SD 0·29) for the group above the median. The mean protein intake of the high reporters was significantly higher than that of the low reporters (P = 0·04).
For ranking based on correlations, some categories showed better results, as the other categories within subcategories. In all, thirteen out of forty-seven subjects used one or more protein supplement(s). Two subjects reported the use of protein supplements on all 3 d, three subjects on 2 d and eight subjects on only 1 d. For these thirteen subjects, the mean intake of protein including supplements was 129·3 (SD 41·0) g/d, which was 27·2 g/d higher than that of non-users of protein supplements (n 34). Protein supplement users showed a slightly higher correlation (r 0·70; 95 % CI 0·24, 0·90) but also a wider 95 % CI compared with non-users (r 0·65; 95 % CI 0·40, 0·81).
Total mean daily urinary creatinine was 19·4 (SD 4·69) mmol/d (with a mean of 18·6 (SD 4·17)mmol/d for women and 19·8 (SD 5·05) mmol/d for men), which is within the normal range of 10-20 mmol/d (35) . Per sport category, small differences were observed. Speed skaters and short-track skaters had mean creatinine levels of approximately 14·5 mmol/d. The middledistance runners, Paralympic cyclist, track cycling sprinters, athletic sprinters and archers had slightly higher mean creatinine levels of approximately 20 mmol/d (range [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . In addition, BMX riders had the highest creatinine levels in comparison with others (average approximately 24 mmol/d, with a range of 19-32 mmol/d). Although some of the athletes had higher creatinine levels than within normal limits, their urinary creatinine levels did not differ between single recall days (P = 1·00), confirming that they were in N balance. In addition, according to the interviews with coaches (results not shown), none of the athletes gained or lost weight as part of a personal intervention, and daily body weight did not differ between recall days (P > 0·05). Based on the results of these combined measurements, we consider this group of subjects to be in N balance.
Discussion
As far as we know, this is the first validation study in elite athletes to evaluate a web-based 24-h recall with questionnaires for protein intake. Mean protein intake was underestimated by 25·5 %. The multiple 24-h recalls and questionnaires proved to be suitable for ranking athletes according to their protein intake, as reflected by the reasonably high correlation coefficient. At the individual level, we observed considerable underestimations of protein intake, which tended to be more pronounced in situations where intake was higher. Small differences were seen for subcategories of athletes.
Quality of results
It is difficult to compare the outcomes of the tools used in the present study -the web-based recall module Compl-eat™ and questionnaires -with those of other web-based tools (36) (37) (38) (39) (40) because of different study designs. Recently, Compl-eat™ was compared with telephone recalls performed on randomly chosen days, independent of the web-based recalls, as part of an ongoing cohort study (NQplus). In this study, it was found that the tool under-reported EI by 8 % and protein intake by 9 %. Possible explanations for these differences included not defining serving sizes or ignoring components such as dairy or cooking fat. Thompson et al. (41) evaluated a comparable method, Automated Self-Administered 24-h dietary recall, against an Automated Multiple-Pass Method (AMPM) interview by telephone and found an average under-reporting of 6 % for reported energy. Thus, a part of the under-reporting in our study may be explained by collection using a web-based tool instead of an AMPM-based interview by telephone.
As no comparable studies are available for athletes using N excretion as a validation method for web-based 24-h recalls, we discuss our results in comparison with studies performed in other groups. A study in women using two 24-h recalls and 
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FIL, food intake level; PAL, physical activity level. * Energy-adjusted Pearson's partial correlation coefficients on log-transformed protein estimates (g/d or in g/kg per d). † 95 % CI computed by Fisher's Z transformation. ‡ PAL 1·75 is selected as the cut-off value to determine under-reporting for active younger adults based on FIL. eight 24-h N excretions in urine (42) reported a smaller mean difference than our study. The difference found by Bingham et al. (42) was only 7·8 % between methods, which is substantial lower than the values of our women (24·9 %). The European Food Consumption Validation (EFCOVAL) study included data of a population in the Netherlands that may be comparable with our results because of a similar dietary pattern (43) . The study included two non-consecutive 24-h recalls and 24-h urine collections covering the same reference day. Under-reporting for mean protein intake in men was 12·4 % and in women it was 8·2 %. Although total underreporting was lower in this overweight older population, sex differences are pointing in the same direction.
In addition, the reported protein ratio of our study of 0·78 is in line with a range of 0·54-0·99 reported as part of the European Prospective Investigation into Cancer and Nutrition study in non-athletes (13) . Therefore, the extent of under-reporting at a group level in the present study is fairly acceptable in comparison with others using 24-h recalls (13, 43, 44) . Three 24-h recalls covering the same reference day as the biomarker appeared to be good for ranking elite athletes according to their protein intake, as indicated by a rather high correlation with the reference method (r 0·65; 95 % CI 0·45, 0·79). Pooled results of five validation studies in non-athletes showed an average correlation for men of 0·39 (95 % CI 0·31, 0·47) and for women of 0·42 (95 % CI 0·36, 0·48) (45) . The Dutch data subset of the EFCOVAL study also resulted in lower unadjusted correlations for men, r 0·42 (95 % CI 0·18, 0·61), and women, r 0·51 (95 % CI 0·29, 0·67) (43) . Thus, based on the comparisons with these studies, the results of our validation study for protein are comparable or better than that of others (43, 45) . However, most of the other studies did not cover the same reference day for recall and biomarker testing, as was the case in our study.
The observed attenuation factors for total protein intake are almost two times as high as in most others (45) . This indicates that relative risks assessed in our population will not be substantially de-attenuated because of measurement error. High correlations and attenuation factors indicate that the method is suitable for ranking athletes according to their protein intake.
On an individual level, the magnitude of underestimation is quite large as shown by the levels of agreement in the Bland-Altman plots (with a range of −105·7 up to 17·3 g). This was also observed in other studies (14) . The higher protein intakes based on the means of the combined methods tended to be underestimated more than the lower intakes. An explanation for this finding might be that the 24-h recalls make use of standardised portion sizes, which may not be representative for athletes (14) . It is not very likely that we have missed specific protein-rich foods, because our questionnaire was specifically designed to cover all dietary supplements and sports nutrition products containing protein. Nevertheless, in future studies, estimation of protein intake needs specific attention. Athletes may register their dietary intake more carefully than non-athletes as they represent a motivated and disciplined population. There is some evidence that motivated subjects report better than less-motivated subjects (46) , but not much is known about the validity of protein intake values assessed by multiple 24-h recalls in elite athletes. Mean under-reporting of 25·5 % is higher than that in the non-athlete literature, but these studies also differ in the methodology used compared with ours (13, 45) . An explanation could be that under-reporting was larger because of a higher true mean protein intake of athletes compared with less-active people. This seems reasonable, because all the other results responded within the normal range in comparison with other publications.
Protein intake values in our study are in line with those reported by other groups of athletes. However, only a few studies used multiple 24-h recalls (7, 47) . One study using three 24-h recalls reported an absolute mean protein intake of 1·6 (SD 0·4) g/kg per d (7) . This is slightly higher than the mean protein intake found in the present study. The only Dutch study examining elite athletes reported 1·0-3·0 g/kg per d for different types of athletes, based on 3-4-d food records (48) .
Mean protein intake of dietary supplement users in our study was substantially higher than that of non-users. However, as the overall number of participants using dietary supplements was small, the contribution of protein supplements to the mean protein intake was limited.
Urinary N as marker for dietary protein as proposed by Isaksson (19) is well accepted as a marker for actual protein intake (13, 14, (16) (17) (18) , but assumes N balance. Especially in athletes, this assumption may not always be applicable because athletes potentially have a higher protein turnover than more sedentary subjects (49) . We used urinary creatinine levels as an indicator of protein turnover. Higher creatinine levels are often a sign of higher protein turnover (50) . In athletes, higher urinary creatinine values supported by serum creatinine values compared with sedentary people have been found in several studies (51) . In our study, urinary creatinine levels in the athletes did not differ between the recall days. In addition, although the mean creatinine levels were high, they were still in line with reference values (10-20 mmol/d) for the normal population (52) . Athletes performing sports characterised by a high BMI, indicating a high muscle mass, have higher serum creatinine levels than endurance athletes, who generally have a lower BMI (53) (54) (55) . Most athletes in the present study had pronounced muscular bodies probably resulting in higher net protein turnover and higher creatinine levels. However, we assume that our athletes were in N balance. This was also supported by stable body weights during the study period and confirmation by coaches that training schedules were stable. If N was overestimated, under-reporting of protein would actually have been smaller than that measured.
We used the data of all the subjects, despite incomplete PABA recovery in a small number of subjects. Regarding this, our results were not completely in line with previous findings (56) , because we found a difference in estimated mean protein intake of the total population compared with that of the population excluding subjects with a low PABA recovery. However, as other results were not affected, we chose to follow the recommendation of Subar et al. (56) to include all subjects. This resulted in a smaller mean difference (11·3 g/d) without influencing the correlation coefficients.
We found no significant differences for mean protein intake within BMI or other subcategories. However, results for these subcategories should be interpreted with care because of small 24-h recall validation in athletessample sizes, resulting in a wide 95 % CI in some, but not all cases. The higher association between protein intake and the biomarker found in athletes with a BMI >25 kg/m 2 compared with the other two subcategories is interesting, because in most validation studies overweight people misreport more than their leaner counterparts. A possible explanation is that athletes with a high BMI are mostly not overweight, but are very muscular and perhaps more aware of their protein intake than others. We chose to compare the estimated FIL with a PAL of 1·75 to distinguish between accurate reporting and under-reporting. PAL for active people was estimated at approximately 1·75, besides this no training study reported individual PAL values over 2·5, and mean PAL values in young people reached an upper limit approximately 2·0 (27) . Although slightly conservative, this PAL seems reasonable for this mixed group of active athletes. We indeed found that reports below an FIL of 1·75 were less accurate than those of 1·75 or higher, suggesting under-reporting of energy as well. Additional questionnaires were used to assess intake via supplements and/or sport nutrition products as the web-based 24-h recall module was in our opinion not specific enough in this respect. Owing to the ability to select out of >3400 pre-selected products, we think that the enquired types of foods were rather complete and could not explain the underestimated intake. The used food composition tables and ingredient declarations of the dietary supplements and sport nutrition products can have a significant influence on reporting. The contribution of these products was based on labelling information only, which may not have been accurate. However, because of the small number of users and the amounts used, these are considered of minor influence on the group mean protein intake. On the other hand, estimation of the normal diet based on food composition tables is also prone to underreporting as is known from studies with duplicate portions (57) . Further, the combined 24-h recalls and questionnaires were unannounced, but followed consistently the day after the 24-h urine collection. It cannot be excluded that subjects were aware of this, and adapted their protein intake during the second and third collection. However, this would not have affected the difference in the estimated protein intake between recalls and urine sample collections.
It is unlikely that delay of reporting was of great influence on total group reporting. Some of the 24-h recalls were not collected within the requested 36 h. Owing to the strict planning of training schedules of the athletes, with different types of training days, it was not possible in some specific cases to perform re-scheduling to a later phase of the study. Exceptionally, a new time slot was opened and data collection took place within 72 h from the first invitation, but mostly within 48 h. No significant difference was seen between categories, although protein intake was substantially lower in the group reporting after 36 h.
Although our study population did not cover all types of sports, it was a fairly good mixture of different types of elite athletes competing at an international level. The mixed exercise types and training programmes reflect a representative workload for elite-level athletes. The men:women ratio was representative for athletes with a Dutch Olympic Committee (NOC*NSF) status.
The study was designed to assess current intake collecting all the data within 4 weeks. We believe this gives the best insight into the actual accuracy of multiple 24-h recalls in athletes, because athletes undergo training programmes with changing exercise load and volume throughout the year. Although the study design did not take into account all different seasons, the effect on the results is expected to be small at the population level. The study covered winter, spring and summer during a basic conditional training phase of different specific types of sports. Nevertheless, we can only draw conclusions about the validity of this method within a 4-week period.
In conclusion, the validity of assessing protein intake by three 24-h recalls plus day questionnaires on dietary supplement intake is fairly good in comparison with the protein intake based on N excretions in three different 24-h urine samples in elite athletes. The combined multiple 24-h recalls with an accompanying questionnaire about dietary supplements and sport nutrition products were shown to under-report protein intake in young adult elite athletes to the same extent as in other non-athlete populations. The method is, however, well suitable for ranking athletes according to their protein intake as is needed in epidemiological studies. When correlation for protein intake was adjusted for total EI based on self-reported intake, no clear improvement in the results was observed, indicating that protein intake is a focus of athletes regardless their total EI. On an individual level, the magnitude of underestimation was about equal for all athletes, except for those with a very high intake of protein. Other determinants related to under-reporting included sex, reporting FIL of <1·75, BMI, time to hand in recalls and using protein-containing dietary supplements or not, and the determinants should be taken into account for the dietary assessments of athletes to obtain better insight into the estimation and monitoring of protein intake.
